where ∂ x ≡ ∂/∂x and ∂ t ≡ ∂/∂t. This differential equation describes the dynamics of the tud distribution.
II. MASS GROWTH OF A POPULATION
As explained in the previous section, the dynamics of the tud distribution is given by Eq. (2). At time t, the population consists of N (t) cells with total mass
and
where m (x) is the mass of a cell with tud x. Upon differentiating the last equation and using Eq.
(2) one obtains
Here, m D = m(0) is the division mass of the cells. The last term of Eq. (7) can be simplified by using
where δ(x) is the Dirac delta function. Note, P (x) is normalized to two, since every cell division event produces two newborn cells. With the last identity the last term of Eq. (7) becomes
Therefore, Eq. (7) simplifies,
The last equation is Eq. (4) in the main text. By taking into account that the single cells increase their mass exponentially, i.e.
Eq. (10) becomes
III. POPULATION AVERAGES
Here we discuss the influence of single cell noise on population observables.
Every cell in the population has a property V (x) (for example the volume), that depends on its time until division x. During the growth cycle, V (x) grows exponentially, i.e.
with V D = V (0), the volume at cell division. Figure S3 shows the volume distribution for different divisional noise levels quantified by σ.
The population average and the variance of V (x) are given by
respectively. Here,ñ
where N (t) is the total number of cells in the population (see eq. (3)).
First, we consider the case of cell division without noise, wherẽ
Substitution into Eq. (14) yields
Now we want to compare this with the population average in the presence of noise. As seen in Fig. 1 , when considering very small (but non-zero) variations in interdivision times, the relative tud distribution can be approximated bỹ
where, θ(x) is the Heaviside step function. In this case, the population average is:
The variance of V (x) is given by
To test the impact of noise on the population observable, we performed simulations to determine V from Eq. (14) for different noise levels σ. The results are shown in Figure S4A . It can be seen that the noise dependence of V is weak. In addition, we used Eq. (15) to calculate the standard deviation of the volume σ V = Var(V ).
